Objective: Children and adolescents with restless legs syndrome (RLS) are commonly diagnosed with comorbid attention defi cit hyperactivity disorder and behavioral disturbances. Uncertainty exists over the signifi cance of other co-occurring psychiatric disorders and their pharmacologic management in children with RLS. The purpose of this study was to determine the prevalence and nature of psychiatric disorders in children with RLS and to describe the use of psychotropic medications in our study cohort.
R estless legs syndrome (RLS) is a sensorimotor disorder characterized by uncomfortable sensations (often subjectively described as "creepy," "crawly," "tingling," "pulling," or "pain") and an irresistible urge to move, most commonly experienced during the evening or nighttime when the individual is immobile for extended periods of time. 1 Approximately 40% of adults diagnosed with RLS have onset of their symptoms before the age of 20, and nearly 10% develop symptoms before the age of 10, thus illustrating the importance of advancing our understanding of childhood onset RLS. 2 Using diagnostic criteria developed at a 2003 Consensus Conference sponsored by the National Institutes of Health, Picchietti and colleagues conducted a large survey of over 10,000 subjects, and found the prevalence of defi nite childhood RLS to be approximately 2%. 3 Two recent surveys of over 4300 Turkish children and adolescents and 3300 Turkish adolescents that assessed for symptoms of RLS found the prevalence to be between
BRIEF SUMMARY
Current knowledge/Study Rationale: Restless legs syndrome is a common sensorimotor disorder that frequently occurs in children and adolescents, and can signifi cantly impact quality of life. Comorbid psychiatric disorders are increasingly being recognized among adults with RLS, but little is known about the prevalence of comorbid psychiatric disorders in children and adolescents with RLS. This was the primary rationale of this study. Study Impact: Nearly two-thirds of children and adolescents diagnosed with RLS also met diagnostic criteria for one or more psychiatric disorder. This highlights the need for the sleep clinician to assess for psychiatric disturbances in this population, and conversely for the physician treating psychiatric disorders in children and adolescents to assess for RLS.
chiatric disorder often receive psychotropic medications, we also planned to cross-link patterns of psychotropic medication use to RLS. As already noted studies in adults have demonstrated a link between psychotropic medication use and worsening of RLS symptoms. We hypothesized that our study results would be similar. Pharmacogenomic testing for hepatic microsomal enzymes such as P450 is presently available at some medical centers including at our Institution. It can help predict how a patient metabolizes certain medications, including many psychotropic medications. This helps determine predicted responses to medications as well as potential susceptibility to side effects. 16, 17 At our institution, pharmacogenomic testing is often done as part of a comprehensive workup in both child and adult patients with more serious and chronic psychiatric disorders requiring more complicated pharmacologic management. This aids in predicting response to treatment and susceptibility to potential side effects. Therefore, we also wanted to include the results of any clinically relevant pharmacogenomic testing that may have been conducted in patients who coincidentally had both RLS and comorbid psychiatric disorder. This could further our understanding of how psychotropic medications exacerbate RLS symptoms.
The objectives of this study were to: determine what percentage of a cohort of children and adolescents with clearly defined RLS had a comorbid psychiatric disorder and to determine the nature of this disorder and possible relationship to psychotropic medications used.
METHODS
This retrospective study was approved by our institutional review board, in accordance with institutional and federal regulations. We reviewed the electronic medical records of children and adolescents younger than 18 years who had been evaluated for RLS at our Center for Sleep Medicine between January 1, 2003, and December 31, 2009. Patients had been referred to the Center for Sleep by both primary care providers and subspecialists practicing both within and outside of our medical center.
The diagnosis of RLS was based on the 2003 National Institutes of Health Consensus Conference criteria. We included only patients who were evaluated by a sleep medicine specialist, and whose electronic medical records explicitly supported a final sleep diagnosis of definite or probable RLS ( Table 1) . Patients were excluded from the study if their final diagnosis was possible RLS, there was insufficient history in their medical records to support a diagnosis of definite or probable RLS, an alternate final sleep diagnosis was made, or if an alternate medical or neurological condition better accounted for the patient's final diagnosis. We did not exclude patients with comorbid medical or mental health conditions as long as there was sufficient evidence to support the diagnosis of RLS as being an independent contributing factor to the patient's overall presentation. We combined probable or definite RLS categories into one group, and henceforth use the term "RLS" to denote either probable or definite RLS. We identified 922 patients who were initially evaluated for childhood RLS. We found 374 patients whose medical charts fully supported diagnostic criteria for RLS. Of note, data from 16 of 374 patients were derived from a 2.74% and 3.6%, respectively. 4, 5 The conclusion from all 3 studies is that childhood RLS is a common disorder, and comorbid mental health conditions are being increasingly recognized. [3] [4] [5] In a case series of 18 children and adolescents who met diagnostic criteria for pediatric RLS, Picchietti and Stevens described other comorbid disorders such as parasomnias in 7 of 18 subjects, attention deficit hyperactivity disorder (ADHD) in 13 of 18 subjects, oppositional defiant disorder in 4 of 18 subjects, anxiety disorders in 6 of 18 subjects, and depression in 5 of 18 subjects. 6 Yilmaz and colleagues also found a high co-occurrence of ADHD symptoms in children with definite RLS. 4 However, the scope of psychiatric disorders in children and adolescents with RLS has not been as well studied as in adults. Further complicating matters is the fact that childhood RLS may go unrecognized when there are overwhelming daytime manifestations of comorbid conditions such as ADHD, mood and anxiety disorders. 2, 7, 8 As such, symptoms of RLS may be missed by other providers, such as pediatricians or child psychiatrists, who are at the forefront of treating these comorbid conditions.
In adults, several studies have established an association between restless legs syndrome and major depressive disorder and anxiety disorders. [9] [10] [11] In her paper describing the reciprocal relationship between mood disorders and RLS, Hornyak postulated several mechanisms to help explain the high rate of co-occurrence between mood disorders and RLS that have been observed among adults. 11 Both mood disorders and RLS share derangement in dopaminergic metabolism which is demonstrated empirically by the fact that dopaminergic agonists improve RLS symptoms, and can augment antidepressive therapy, whereas dopaminergic antagonists (i.e., antipsychotic medications) may exacerbate RLS symptoms. [11] [12] [13] Persistent disruption in the quality and quantity of sleep also has profound effects on mood, cognition, and daily functioning. 11 An increasing number of clinical reports have also described the triggering or exacerbation of symptoms of RLS by psychotropic medications, which may also help to explain the high cooccurrence rate of RLS and psychiatric disorders in adults. 11, 14, 15 Interestingly, the antidepressant bupropion (Wellbutrin), which acts as both a dopaminergic and noradrenergic agonist, is not known to exacerbate RLS symptoms, thus reinforcing the link between RLS and dopaminergic pathways. 11 All studies examining these connections between psychiatric disorders and RLS have been carried out in adults. The role that psychotropic medications might play in exacerbating childhood-onset RLS has not been studied. While ADHD and behavioral disturbances have been previously described in children and adolescents who have RLS, little is known about the occurrence of other psychiatric disorders in childhood RLS. A better understanding of the prevalence of psychiatric disorders and RLS in children and adolescents is a key first step to understanding the putative link between these entities: this was the impetus for our research study.
Studies describing RLS and psychiatric comorbidity in adults, as well as the case series reported by Picchietti and Stevens in children were the basis for our first hypothesis: we postulated that there would be a high rate of comorbid mood and anxiety disorders in addition to ADHD and behavioral disturbances among children and adolescents with RLS. Second, since children who have been diagnosed with one or more psy-relative likelihood that they would receive a particular psychiatric diagnosis. For example, attention deficit hyperactivity disorder is typically diagnosed in younger children, and is more common in boys than girls, whereas depressive disorders tend to be more prevalent in teenage girls. 19, 20 Levels of serum ferritin were recorded to determine whether iron deficiency exacerbated the risk of comorbid psychiatric disorders in the patients with RLS. Prior to data collection all of the authors met to establish data collection guidelines, and gathering of all relevant data in an ad hoc fashion. Data were primarily collected by 3 of the authors (SJP, ERA, and GEM); however, all authors met regularly to ensure that data collection adhered to the previously established inclusion/exclusion criteria.
In order to determine how well our study cohort generalizes to a larger population we collected demographic data on patient age, gender, and race; the patient's state/country of origin, and previous study of senior author 18 on the clinical characteristics of childhood-onset restless legs syndrome. The remaining 548 patients did not meet our inclusion/exclusion criteria stated earlier in this paragraph.
The medical records of the 374 patients were reviewed for comorbid psychiatric disorders. We considered only the subjects who had been evaluated by a licensed child psychiatrist or psychologist and whose psychiatric disorder(s) clearly met DSM-IV diagnostic criteria, as described in the electronic medical record. Psychiatric diagnoses were excluded from consideration if there was insufficient history in the medical records to support the stated psychiatric disorder, if there were conflicting diagnoses in medical records, or if another medical condition better explained the patient's symptoms. When describing psychiatric data collected from the medical record, patients were stratified by gender and age (0-9 and 10-18) to account for the 
Adult Essential Criteria
1. An urge to move the legs, usually accompanied or caused by uncomfortable and unpleasant sensations in the legs. (Sometimes the urge to move is present without the uncomfortable sensations and sometimes the arms or other body parts are involved in addition to the legs). 2. The urge to move or unpleasant sensations begin or worsen during periods of rest or inactivity such as lying or sitting. 3. The urge to move or unpleasant sensations are partially or totally relieved by movement, such as walking or stretching, at least as long as the activity continues. 4. The urge to move or unpleasant sensations are worse in the evening or night than during the day or only occur in the evening or night. (When symptoms are very severe, the worsening at night may not be noticeable but must have been previously present).
Definite RLS in children (age 2 to 12 years) Definite 1 1. The child meets all 4 essential criteria for RLS and 2. There is a description, in the child's own words, consistent with leg discomfort. or Definite 2
1. The child meets all four essential criteria for RLS and 2. 2 of 3 criteria supportive of the diagnosis are present (see below). Terms such as "wiggly," "tickle," "bugs," "spiders," "hurt," "shaky," "boo boos," "want to run," and "lots of energy in my legs" may be used by the child to describe symptoms. Age-appropriate descriptors are encouraged.
Definite RLS in adolescence (age 13 to 18 years)
The four essential criteria as above. For pediatric and adult RLS: The condition is not better explained by another current sleep disorder, medical, or neurological disorder, mental disorder, medication use, or substance use disorder.
Research Criteria (age 0 to 18 years) Probable RLS Probable 1 1. The child meets all 4 essential criteria for RLS except #4: "worse in the evening or at night" and 2. The child has a biologic parent or sibling with definite RLS. or* Probable 2
1. The child is observed to have behavior manifestations of lower-extremity discomfort when sitting or lying, accompanied by motor movement of the affected limbs, the discomfort has characteristics 2, 3, and 4 of the essential criteria and 2. The child has a biologic parent or sibling with definite RLS. Possible RLS** 1) The child has periodic limb movement disorder (PLMD) and 2) The child has a biologic parent or sibling with definite RLS but the child does not meet definite or probable childhood RLS definitions (as above).
*This last category is intended for young children or cognitively-impaired children, who do not have sufficient language to describe the sensory component of RLS. **Patients who met criteria for possible RLS were excluded from this research study.
of the initial sleep evaluation was 10.6 years (range 11 months to 17.5 years; Table 2 ). The majority of patients were Caucasian (80.5%, 301/374), and identified the state of Minnesota as their home state (61.5%, 230/374), although 27 different states, and 3 additional countries (Canada, Dominican Republic, and Kuwait) were also represented in this population cohort ( Table 2) . Socioeconomic status was measured by using the patient's listed health insurance. This demonstrated that all socioeconomic strata were well-represented among different age groups, but were likely skewed toward privatized health insurance when compared with the general U.S. population (Figure 1 ). When we cross-referenced these patients for encounters with a licensed child psychiatrist or psychologist, we found that 239/374 (64%; 118 males, 121 females) met DSM-IV diagnostic criteria for one or more comorbid psychiatric conditions during the time for which they were being followed for RLS ( Table 2) .
Clinical Characteristics of Population Cohort
All patients were subdivided into whether they met diagnostic criteria for the RLS subcategories of definite 1, definite 2, probable 1, or probable 2 ( Table 3) . Approximately 76.5% (286/374) met criteria for either definite 1 or definite 2 RLS. We did find 49/376 patients who met diagnostic criteria for probable 2 RLS. These patients were either too young or cognitively impaired (diagnosed with either mental retardation or moderate to severe pervasive developmental disorder) to verbally articulate their symptoms, but had all had well-described behavioral manifestations of RLS and had increased periodic limb movements of sleep scored on polysomnography. Additionally, these patients had well-described immediate family history of definitive RLS in their medical records. Serum ferritin levels < 50 μg/L have been associated with RLS or periodic limb movements in sleep in children. 20, 21 the type of medical insurance coverage (private, government, or no insurance) patients or their families carried. Data describing the clinical characteristics (number of patients diagnosed with definite 1, definite 2, probable 1, or probable 2 RLS; number of patients diagnosed with both RLS and a comorbid psychiatric disorder; serum ferritin stratified by age, gender, and ± psychiatric disorder), details of psychiatric comorbidities, and psychotropic medications including data from any patient who underwent pharmacogenomics testing were also collected.
Data Analysis
A descriptive statistical approach was used to analyze the demographic and clinical data. A one-way ANOVA and Tukey post hoc analysis was done to compare the number of psychotropic medication trials among all patients by age and gender. A multivariate regression model was used to analyze serum ferritin levels among patients by age, gender, and whether or not the patient carried a psychiatric diagnosis.
RESULTS

Demographic Features of Population Cohort
These are described in Table 2 . Socioeconomic data are described in Figure 1 . Male and female patients shared similar demographic features ( Table 2 ). The overall mean age at the time 
largest referral base to our sleep center. Pediatric disciplines most likely to encounter patients with comorbid psychiatric disorders included General Pediatrics, Pediatric Neurology, Developmental Pediatrics, Child and Adolescent Psychiatry, and Family Medicine and comprised 73.8% (276/374) of the population ( Table 3) . This was consistent with our finding that of the 239 RLS patients with psychiatric comorbidity, a psychiatric disorder had been diagnosed prior to RLS in 75% (27/36) of females aged 0-9 years, 90.5% (76/84) of females aged 10-18 years, 81% (48/61) of males aged 0-9 years, and 89.6% (52/58) of males aged 10-18 years.
Psychiatric Comorbidities
Overall, we found that 25% (94/374) of RLS patients met the criteria for ADHD; 29.1% (109/374) had either a transient mood disturbance (i.e. Adjustment Disorder) or a recurrent mood disturbance (i.e. Major Depressive Disorder or Bipolar Disorder); 11.5% (43/374) had an anxiety disorder; and approximately 11% (40/374) met the criteria for a behavioral disturbance ( Table 4) . Mood disturbances and anxiety disorders were more prevalent in females (OR = 1.6 and 1.26, respectively), whereas ADHD and behavioral disorders were more prevalent in males (OR = 1.94). Additional comorbidities are described in Table 4 . Among the 239 patients with a psychiatric disorder, Approximately 80% of subjects with RLS show underlying periodic limb movements in sleep. It is not known whether a difference in serum ferritin level exists between those with a psychiatric disorder and those without one. Therefore, we stratified serum ferritin values by age group, gender, and whether patients had a psychiatric diagnosis to assess for any differences between groups. We identified 355 patients who had their serum ferritin levels checked as part of their evaluation for RLS ( Table 3) .
A multivariate regression model predicting ferritin levels using groupwise comparisons of age, psychiatric diagnosis, and gender as predictors was not statistically significant (F-value = 0.48, overall p-value = 0.700). This also took into account any statistical outliers that were noted. Age group, defined in the model as either 0-9 or 10-18 (p = 0.447), gender (p = 0.336), or psychiatric diagnosis status (p = 0.467) were not statistically significant in predicting serum ferritin levels. We did not have a large enough sample size to assess for differences in serum ferritin levels between specific psychiatric diagnoses (e.g., major depression vs. generalized anxiety disorder vs. ADHD).
Referral sources from different pediatric disciplines were well represented in our population ( Table 3) . Primary care pediatricians accounted for 32.9% (123/374) of patient referrals to sleep medicine for evaluation of RLS, and were the single as "psychotropic medications" had been diagnosed with a psychiatric disorder, but rather had been diagnosed with other medical conditions where treatment with a psychotropic medication was indicated (e.g., headaches or seizure disorders). Approximately 54% (34/63) of female patients 0-9 years, 69% (92/133) of female patients 10-18 years, 55% (52/95) of male patients 0-9 years, and 71% (59/83) of male patients 10-18 years had been prescribed at least one psychotropic medication during their lifetime ( Table 5 ). The mean number of new psychotropic 109 patients had been diagnosed with one psychiatric condition, 88 patients with 2 psychiatric conditions, and 42 patients had been diagnosed with ≥ 3 psychiatric conditions.
Psychotropic Medications
The number of different types of psychotropic medications used by each of the 374 patients was assessed. Patients did not necessarily take these medications all at the same time. In addition, not all patients who were prescribed medications classified scribed. Poor metabolizers are homozygous for 2 inactivating alleles. This leads to limited or no drug metabolism. The parent drug often accumulates to toxic levels with serious risk for adverse side effects. We identified one patient who was a poor metabolizer of the psychotropic drugs they were prescribed. Ultra-rapid metabolizers have a duplication of a functional gene resulting in rapid drug metabolism. This results in a decrease in parent drug concentration at normal drug doses and increased risk for poor drug response at normal drug dosages.
A total of 10 patients with reduced metabolic capacity (9 "intermediate metabolizers" and one "poor metabolizer") were prescribed psychotropic medication metabolized by the corresponding enzyme concurrent with the time they were diagnosed with RLS.
DISCUSSION
The design of this study was a retrospective chart review of pediatric patients who were evaluated RLS at our sleep center from the beginning of 2003 until the end 2009. We selected only those patients with clearly described definite or probable RLS in their medical records, and then cross referenced these records for encounters with a child psychiatrist or psychologist to assess for comorbid psychiatric disorders.
This study was conducted at a Midwest tertiary care facility that receives requests for patient evaluations locally, regionally, nationally, and internationally. The majority of patient evaluations were either local or regional; however this study also included a fair number of national RLS patients and three international RLS patients. Geographically, this study cohort is representative of the Midwest region of the United States. The socioeconomic makeup of this study cohort, as indicated by the breakdown of patient-listed health insurance, was skewed towards patients with privatized health insurance when compared with the general U.S. population. Approximately 26% of patients from our cohort were listed as having either state or federally funded health insurance, and approximately 52% with private health insurance. This reflects a wealthier cohort population when compared with the general U.S. population. The majority of our subjects were Caucasian; thus our cohort is not entirely representative of other regions of the United States. Males and females were equally represented.
Patients with RLS were subcategorized as having definite 1, definite 2, probable 1, or probable 2 RLS based on the available clinical data in the medical record. While most patients met criteria for definite 1 or definite 2 RLS we did find 49 patients that met diagnostic criteria for probable 2 RLS. This conmedication trials started in female patients age in the 0-9 year age group was 1.127 (range 0-8 trials) and 1.932 (range 0-12 trials) in the 10-18 year age group 1.932 (range 0-12 trials). The mean number of new psychotropic medication trials started in male patients was 1.235 (range 0-7 trials) in the 0-9 year age group and 2.085 (range 0-9 trials) in the 10-18 year age group. There was no statistical difference between females and males within the same age group. However, the mean number of new psychotropic medication trials did significantly increase with age (p = 0.0016; Table 5 ).
We found that antidepressants (196) and stimulant medications (196) represented over half (61%; 392/642) of the total psychotropic medication classes prescribed to the patients during their lifetime (Figure 2) . The absolute number of medications prescribed was highest within the same year that the diagnosis of RLS was made, although the relative percentage of different psychotropic medications classes prescribed to patients remained consistent across time (Figure 2) . Given the cross-sectional nature of the study, it was not possible to assess a causal link between prescribing psychotropic medications and the development of RLS.
Pharmacogenomic testing is available at our medical center and is routinely carried out within our department of psychiatry and psychology to aid in predicting psychotropic medication response, and susceptibility to medication side effect. At our Institution pharmacogenomic testing is often carried out in children and adolescents with serious and chronic psychiatric disorders such as schizophrenia, bipolar disorder, or recurrent severe major depression where pharmacologic management can be complicated by poor response to treatment, polypharmacy, and prohibitive medication side effects.
Within our study cohort we identified a subset of 15 patients with RLS and comorbid psychiatric disorder(s) who underwent cytochrome P-450 pharmacogenomic testing for gene polymorphisms encoding for clinically relevant hepatic enzymes, CYP2D6, CYP2C19, and CYP2C9, which are responsible for metabolism of many psychotropic drugs. Allelic variation of genes coding for these 3 enzymes results in abnormal metabolism of these psychotropic drugs. At our institution, variation in metabolic activity is defined as follows: Extensive metabolizers are homozygous for normal genotype and normal drug metabolism. Intermediate metabolizers are heterozygous for one normal allele, and one enzyme-inactivating allele. 23 This leads to decreased drug metabolism. There is increased susceptibility to toxic accumulation of parent drug, and side effects at normal drug dosages. We identified 11/15 patients who were intermediate metabolizers of psychotropic medications they were pre- tributes to some of the first "probable 2" RLS cases reported in the literature. These patients were some of the youngest in our study cohort (the youngest being 11 months old), and were described as having behavioral manifestations of RLS including increased periodic limb movements noted in their overnight polysomnogram studies. However, they lacked the ability to verbally articulate their symptoms. They also had clearly described family histories of RLS. Some older patients were also diagnosed with probable 2 RLS. These patients were cognitively impaired in some way (either having mental retardation or significant features of autism), and were also limited in their ability to describe their symptoms, but otherwise their clinical features were consistent with RLS. We used strict inclusion/exclusion criteria that likely led to rejection of a number of patients with legitimate RLS and/ or psychiatric disorders because their symptoms had not been adequately described in the medical record. As with any retrospective design, we were able to demonstrate only associations rather than cause and effect, specifically with regard to the relationship between childhood RLS and psychotropic medications. Only prospective evaluation can help determine whether RLS was secondary to psychotropic medication and whether there is a shared biologic link between psychiatric disorders and RLS.
The most significant finding of this study was that nearly two-thirds of children who were diagnosed with RLS also had one or more psychiatric diagnoses, which supported our first hypothesis about the co-occurrence of these disorders. Not surprisingly, ADHD was commonly diagnosed in children with RLS, consistent with what has been previously documented. [3] [4] [5] Our findings independently support those previously reported results. Additionally, we also identified a high prevalence of other psychiatric disorders. Disturbances in mood were diagnosed even more frequently than ADHD, although this group also included patients with transient mood disturbances such as adjustment disorders. Mood disorders were more prevalent in females and ADHD was encountered more often in males. Psychotropic medications had been started in a majority of subjects prior to formal diagnosis of RLS. This brings up the need for child psychiatrists and psychologists to be more aware of RLS as a possible comorbidity in their patients.
Several studies in adults have shown an important association between RLS and major depression/anxiety disorders. [9] [10] [11] Lee et al. 9 and Hornyak 11 have suggested hypotheses to account for this association: first, sleep architecture is adversely affected by both RLS and mood/anxiety disorders, which can exacerbate psychiatric symptoms. 9, 11 The interplay between decreased sleep quality and quantity on one hand and neurocognitive and psychiatric symptoms on the other hand is well documented. 24, 25 RLS and some psychiatric disorders may share some similarities in neuropathophysiology, as dopamine is a neurotransmitter central to restless legs syndrome, and plays a key role in psychiatric disorders as well. 7, 9, 26 Somatic disturbances, such as diabetes, cardiovascular disease, and cancer were observed in adult patients with RLS and comorbid depression and anxiety in the study of Winkelmann et al. Even after controlling for this possible confounding variable a strong association was shown between RLS and mood/anxiety disturbances. 10 In our study developmental disorders and psychosomatic disorders, such as pain disorders and various medi- Medication groups were organized into different psychotropic medication classes (antidepressants, antipsychotics, mood stabilizers, stimulants, and other). Groups were stratified by year the medications were prescribed relative to when the diagnosis of restless legs syndrome (RLS) was made: (A) at least one year before RLS diagnosis made; (B) same year as RLS diagnosis made; (C) at least one year after RLS diagnosis made. Pharmacogenomic studies prior to the initiation of treatment with a selective serotonin reuptake inhibitor or neuroleptic medication (such as risperidone) might also be helpful to assess the potential risk for developing iatrogenic RLS. In humans, the cytochrome P450 enzymes are a group of proteins that are responsible for nearly 75% of oxidative phase I drug metabolism. Allelic variants of several key enzymes, specifically 2D6, 2C9, and 2C19, have clinical relevance in how efficiently some psychotropic drugs are metabolized. 29 Pharmacogenetic studies have been shown to be safe and effective to assess for allelic variation in children as well. 30 This may have important ramifications for how rapidly a drug is metabolized, and for an individual's susceptibility to a drug's side effects, including symptoms of RLS. In this study we found 12/15 patients with reduced psychotropic drug metabolism predicted by their pharmacogenomic profile. Ten of those patients were taking psychotropic medications around the time they were diagnosed with RLS. This provides a possible mechanism whereby individuals with reduced capacity to metabolize psychotropic drugs are more susceptible to drug side effects such as iatrogenic RLS. However, the widespread use of pharmacogenetics in fields such as psychiatry has not been unanimously received, with concerns raised about cost, predictive power, and clinical utility. 31 More research is needed in this emerging field to better define a clinical role for the use of genetic testing.
Iron plays a key role in neurotransmission, neuronal function, and dopaminergic signaling. 32 Low serum ferritin plays an important role in RLS pathophysiology and may also contribute to the pathophysiology of some psychiatric disorders such as ADHD. 22, 32 We were interested in determining if there was a difference in serum ferritin levels in RLS patients without psychiatric disorders compared to those with psychiatric disorders. In this study we found low mean serum ferritin levels (< 50 μg/L) among children and adolescents diagnosed with RLS across age, gender, and the presence/absence of a psychiatric disorder. We did not find a statistically significant difference between patients grouped by gender, age, or whether or not they carried a psychiatric diagnosis. Limited sample sizes prevented us from comparing patients within the "psychiatric disorder" group (ADHD vs. major depression vs. anxiety, etc.). We did not see group-wise differences in serum ferritin in those patients with comorbid psychiatric disorders as compared to patients who did not have a comorbid psychiatric diagnosis. However, our study lacked sufficient power to determine if there were differences in serum ferritin in patients with different psychiatric disorders, and this is an area for further research.
In conclusion, we would propose a bidirectional relationship wherein the sleep disturbance exacerbates mood and attention problems, and the use of psychotropic medications potentially exacerbates the sleep disturbance in some susceptible children. Psychiatric comorbidities occur in two-thirds of children with RLS. This necessitates a comprehensive multidisciplinary approach that involves sleep specialists, child psychiatrists, and psychologists. This study underscores the need for the child psychiatrist/psychologist in assessing for a patient and family history of RLS, as well as being mindful of the role of psychotropic medications in precipitating or exacerbating RLS. It is important for the sleep specialist to look for psychiatric comorbidities; conversely, it is equally important for the child cal illnesses with psychological factors were observed among children diagnosed with RLS. We did not control for these diagnoses to focus specifically on depression and anxiety as we were interested in describing any co-occurring psychiatric disturbance. In our study approximately 35% (131/374) of children and adolescents with RLS were diagnosed with more than one psychiatric disorder. This is not surprising because psychiatric disorders commonly co-occur with one another. For example, ADHD and behavioral disturbances commonly co-occur; mood and anxiety disorders also commonly co-occur. We were unable to determine the impact that RLS and comorbid psychiatric conditions had on one another, given the limitations of this study. This would be an important area for ongoing study.
Picchietti and Stevens also described comorbid psychiatric disturbances, such as ADHD, mood disorders, and behavioral disturbances, in a small cohort of children with RLS. 6 Our study is consistent with their findings, and demonstrates an important association between childhood RLS and comorbid psychiatric disorders. To the best of our knowledge, this is the largest study to date looking at this association in children and adolescents.
Our study points out those children with RLS may present in the early stages to child psychiatrists or psychologists rather than to sleep specialists for evaluation and management of their behavioral disturbance. Over 50% of all children (ages 0-9 years) and nearly 70% of all adolescents (ages 10-18 years) with RLS had received at least one trial of a psychotropic medication at some point during the course of their care, highlighting the importance of identifying RLS that has been induced or exacerbated by such medications. We found that on average, children had received slightly more than one trial of a psychotropic medication before the age of 10; by the age of 18, adolescents had received nearly two trials of different psychotropic medications. The prescription of psychotropic medications varied considerably, ranging from none to as many as eight or more different medication trials. This variability was reflective of whether a patient had one or more comorbid psychiatric disorders and the severity of that disorder. Those patients diagnosed with more severe or multiple psychiatric disorders tended to receive more trials of different psychotropic medications. While this seems intuitive, it is an important discussion point given that many of these medications can precipitate latent RLS or exacerbate symptoms of RLS.
